In the practical world, there commonly exist different types of multiple-attribute group decision making (MAGDM) problems with uncertain information. Symmetry among some attributes' information that is already known and unknown, and symmetry between the pure attribute sets and fuzzy attribute membership sets, can be an effective way to solve this type of MAGDM problem. In this paper, we investigate four forms of information aggregation operators, including the Hamy mean (HM) operator, weighted HM (WHM) operator, dual HM (DHM) operator, and the dual-weighted HM (WDHM) operator with the q-rung interval-valued orthopair fuzzy numbers (q-RIVOFNs). Then, some extended aggregation operators, such as the q-rung interval-valued orthopair fuzzy Hamy mean (q-RIVOFHM) operator; q-rung interval-valued orthopairfuzzy weighted Hamy mean (q-RIVOFWHM) operator; q-rung interval-valued orthopair fuzzy dual Hamy mean (q-RIVOFDHM) operator; and q-rung interval-valued orthopair fuzzy weighted dual Hamy mean (q-RIVOFWDHM) operator are presented, and some of their precious properties are studied in detail. Finally, a real example for green supplier selection in green supply chain management is provided, to demonstrate the proposed approach and to verify its rationality and scientific nature.
Introduction
For the indeterminacy of decision makers and decision-making issues, we cannot always give accurate evaluation values for alternatives to select the best project in real multiple-attribute decision making (MADM) problems. To overcome this disadvantage, fuzzy set theory, as defined by Zadeh [1] in 1965, originally used the membership function to describe the estimation results, rather than an exact real number. Atanassov [2, 3] presents the intuitionistic fuzzy set (IFS) by considering another measurement index which names a non-membership function. Hereafter, the IFS and its extension has aroused the attention of a large number of scholars since its appearance . More recently, the Pythagorean fuzzy set (PFS) [26, 27] has emerged as a useful tool for describing the indeterminacy of the MADM problems. Zhang and Xu [28] proposed the detailed mathematical expression for PFS and presented the definition of Pythagorean fuzzy numbers (PFNs). Wei and Lu [29] proposed some Maclaurin Symmetric Mean Operators with PFNs. Peng and Yang [30] studied the division and subtraction operations of PFNs. Wei and Lu [31] defined some power aggregation operators with Meanwhile, some important properties of these operators are also studied. Thereafter, the models which apply the proposed aggregation operators to solve MAGDM problems are presented in Section 4, and an illustrative example to select the best green supplier is developed. Some comments are provided to summarize this article in Section 5.
Preliminaries

q-Rung Interval-Valued Orthopair Fuzzy Sets (q-RIVOFSs)
According to the q-rung orthopair fuzzy sets (q-ROFSs) [53] and interval-valued Pythagorean fuzzy sets (IVPFSs) [49] , we develop the definition of the q-rung interval-valued orthopair fuzzy sets (q-RIVOFSs). be two q-RIVOFNs; S( q 1 ) and S( q 2 ) be the scores of q 1 and q 2 , respectively; and let H( q 1 ) and H( q 2 ) be the accuracy degrees of q 1 and q 2 , respectively. Then, if S( q 1 ) < S( q 2 ), then q 1 < q 2 ; if S( q 1 ) = S( q 2 ), then (1) if H( q 1 ) = H( q 2 ), then q 1 = q 2 ; (2) if H( q 1 ) < H( q 2 ), then q 1 < q 2 .
Definition 3.
Let
, and q = u L q , u R q , v L q , v R q be three q-RIVOFNs, and some basic operation rules for them are shown as follows:
(1) 
Hamy Mean Operator
Definition 4 [60] . The HM operator is defined as follows:
where x is a parameter and x = 1, 2, . . . , n, i 1 , i 2 , . . . , i x are x integer values taken from the set {1, 2, . . . , n} of k integer values; C x n denotes the binomial coefficient and C x n = n! x!(n−x)! .
Some Hamy Mean Operators with q-RIVOFNs
q-RIVOFHM Operator
In this chapter, consider both HM operator and q-RIVOFNs, we propose the q-rung interval-valued orthopair fuzzy Hamy mean (q-RIVOFHM) operator.
. . , n) be a set of q-RIVOFNs. The fused value by using q-RIVOFHM operator is also a q-RIVOFN, where
Proof.
Thus,
Thereafter,
Therefore,
Hence, Equation (4) is kept.
Then, we need to prove that Equation (4) is a q-RIVOFN. We need to prove 0
be four q-RIVOFNs, and suppose x = 2, q = 3-then, according to Equation (4), we have
The q-RIVOFHM satisfies the following three properties.
Thus, the proof is complete.
Property 3.
Boundedness
From Property 1,
In practical MADM problems, it is important to take the attribute weights into account. This section will develop the q-rung interval-valued orthopair, fuzzy weighted Hamy mean (q-RIVOFWHM) operator.
. . , n) be a set of q-RIVOFNs, with their weight
Then we can define the q-RIVOFWHM operator as follows:
. . , n) be a set of q-RIVOFNs. The fused value obtained by using q-RIVOFWHM operator is also a q-RIVOFN, where
Proof. From Definition 3, we can obtain
Furthermore,
Hence, Equation (16) is kept.
Then we need to prove that Equation (16) is a q-RIVOFN. We need to prove that 0
be four q-RIVOFNs, and w = (0.2, 0.1, 0.3, 0.4); in addition, suppose x = 2, q = 3. Then, according to Equation (16), we have
The q-RIVOFWHM operator satisfies the following properties.
The proof is similar to q-RIVOFHM, so it is omitted here.
From Theorem 2, we get
From Property 4, we get
It is obvious that the q-RIVOFWHM operator lacks the property of idempotency.
The q-RIVOFDHM Operator
Wu et al. [61] define the dual Hamy mean (DHM) operator.
Definition 7 [61]
. The DHM operator can be defined as:
where x is a parameter, and x = 1, 2, . . . , n, i 1 , i 2 , . . . , i x are x integer values taken from the set {1, 2, . . . , n} of k integer values; C x n denotes the binomial coefficient and C x n = n! x!(n−x)! .
In this section, we will propose the q-rung interval-valued orthopair, fuzzy DHM (q-RIVOFDHM) operator. 1, 2, . . . , n) be a set of q-RIVOFNs. The q-RIVOFDHM operator is
. . , n) be a set of q-RIVOFNs. The fused value by using q-RIVOFDHM operators is also a q-RIVOFN, where
Hence, Equation (29) is kept.
Then, we need to prove that Equation (29) is a q-RIVOFN. We need to prove that 0 
The q-RIVOFDHM has the following three operators.
, we can obtain
and v L q ≥ v R q . Thus, the proof is complete.
Property 8.
The q-RIVOFWDHM Operator
In real MADM problems, it's of necessity to take attribute weights into account; we will propose the q-rung interval-valued orthopair fuzzy weighted DHM (q-RIVOFWDHM) operator in this chapter. 
. . , n) be a set of q-RIVOFNs. The fused value by using q-RIVOFWDHM operators is also a q-RIVOFN, where
Hence, Equation (41) is kept.
Then, we need to prove that Equation (41) is a q-RIVOFN. We need to prove that 0 (41), we can get
We will then study some precious properties of q-RIVOFWDHM operator.
This proof is similar to q-RIVOFDHM, so it is omitted here.
From Theorem 4, we get
From Property 9, we get
It is obvious that the q-RIVOFWDHM operator is short of the property of idempotency.
Application of Green Supplier Selection
Numerical Example
With the rapid development of economic globalization, and the growing enterprise competition environment, the competition between modern enterprises has become the competition between supply chains. The diversity of the people consuming is increasing, and the new product life cycles are getting shorter. The volatility of the demand market and from external factors drives enterprises for effective supply chain integration and management, as well as strategic alliances with other enterprises to enhance core competitiveness and resist external risk. The key measure to achieving this goal is supplier selection. Therefore, the supplier selection problem has gained a lot of attention, whether in regard to supply chain management theory or in actual production management problems [62] [63] [64] [65] [66] [67] [68] [69] [70] . In order to illustrate our proposed method in this article, we provide a numerical example for selecting green suppliers in green supply chain management using q-RIVOFNs. There is a panel with five possible green suppliers in green supply chain management to select: Q i (i = 1, 2, 3, 4, 5). The experts select four attributes to evaluate the five possible green suppliers: (1) C 1 is the product quality factor; (2) C 2 is the environmental factors; (3) C 3 is the delivery factor; and (4) In the following, we utilize the approach developed to select green suppliers in green supply chain management.
Step 1. According to q-RIVOFNs q ij (i = 1, 2, 3, 4, 5, j = 1, 2, 3, 4), we can aggregate all q-RIVOFNs q ij by using the q-RIVOFWA (q-RIVOFWG) operator, to get the overall q-RIVOFNs Q i (i = 1, 2, 3, 4, 5) of the green suppliers Q i . Then, the fused values are given in Table 4 . (Let q = 3) . Step 2. Based on Table 4 , we can fuse all q-RIVOFNs q ij by the q-RIVOFWHM (q-RIVOFWDHM) operator to get the results of q-RIVOFNs. Let x = 2, then the fused values are given in Table 5 . Step 3. Based on the fused values given in Table 5 , and the score functions of q-RIVOFNs, the green suppliers' scores are shown in Table 6 . Step 4. Rank all the alternatives by the values of Table 6 , and the ordering results are shown in Table 7 . Obviously, the best selection is Q 3 . Table 7 . Ordering of the green suppliers.
Methods Ordering
q-RIVOFWHM Q 3 > Q 1 > Q 4 > Q 2 > Q 5 q-RIVOFWDHM Q 3 > Q 4 > Q 5 > Q 1 > Q 2
Influence of the Parameter x
In order to show the effects on the ranking results, by changing parameters of x in the q-RIVOFWHM (q-RIVOFWDHM) operators, all of the results are shown in Tables 8 and 9 . (Let q = 3). 
0.9172 0.8840 0.9442 0.8885 0.8762
0.9290 0.8959 0.9454 0.8947 0.8786
0.9080 0.8772 0.9419 0.8839 0.8703 Table 9 . Ordering results for different x values by the q-RIVOFWDHM operator.
0.2557 0.2292 0.3406 0.3005 0.3024
0.3486 0.3150 0.4585 0.3679 0.3586
Influence of the Parameter q
In order to show the effects on the ranking results by changing the parameters of q in the q-RIVOFWHM (q-RIVOFWDHM) operators, all of the results are shown in Tables 10 and 11. (Let x = 2). 
Comparative Analysis
In this chapter, we compare the q-RIVOFWHM and q-RIVOFWDHM operators with the q-RIVOFWA and q-RIVOFWG operators. The comparative results are shown in Table 12 . 
Methods
Ordering
From above, we can see that we get the same optimal green suppliers, which shows the practicality and effectiveness of the proposed approaches. However, the q-RIVOFWA operator and q-RIVOFWG operator do not consider the information about the relationship between arguments being aggregated, and thus cannot eliminate the influence of unfair arguments on decision results. Our proposed q-RIVOFWHM and q-RIVOFWDHM operators consider the information about the relationship among arguments being aggregated.
At the same time, Liu and Wang [54] develop the q-rung orthopair, fuzzy weighted averaging (q-ROFWA) operator, as well as the q-rung orthopair, fuzzy weighted geometric (q-ROFWG) operator. Liu and Liu [55] propose some q-rung orthopair, fuzzy Bonferroni mean (q-ROFBM) aggregation operators. Wei et al. [56] define the generalized Heronian mean (GHM) operator to present some aggregation operators, and apply them into MADM problems. Wei et al. [57] define some q-rung orthopair, fuzzy Maclaurin symmetric mean operators. However, all of these operators can only deal with q-rung orthopair fuzzy sets (q-ROFSs), and cannot deal with q-rung interval-valued orthopair fuzzy sets (q-RIVOFSs). The main contribution of this paper is to study the MAGDM problems based on the q-rung interval-valued orthopair fuzzy sets (q-RIVOFSs), and to utilize the Hamy mean (HM) operator, weighted Hamy mean (WHM) operator, dual Hamy mean (DHM) operator, and weighted dual Hamy mean (WDHM) operator, to develop some Hamy mean aggregation operators with q-RIVOFNs.
Conclusions
In this paper, we study the MAGDM problems with q-RIVOFNs. Then, we utilize the Hamy mean (HM) operator, weighted Hamy mean (WHM) operator, dual Hamy mean (DHM) operator, and weighted dual Hamy mean (WDHM) operator, in order to develop some Hamy mean aggregation operators with q-RIVOFNs. The prominent characteristic of each of these proposed operators is studied. Then, we have utilized these operators to develop some approaches to solve the MAGDM problems with q-RIVOFNs. Finally, a practical example for green supplier selection is given to show the developed approach. Using the illustrated example, we have roughly shown the effects on the ranking results by changing parameters in the q-RIVOFWHM (q-RIVOFWDHM) operators. In the future, the application of the proposed fused operators of q-RIVOFNs needs to be explored in decision making [71] [72] [73] [74] , risk analysis [75, 76] , and many other fields under uncertain environments [77] [78] [79] [80] [81] .
